This study examines how firms choose organizational form for their R&D alliances. Encouraging cooperation in these alliances is often challenging, given the difficulties in knowledge sharing between partners and protecting the property rights over partner knowledge. Interestingly, knowledge based and transaction cost perspectives generate different hypotheses on alliance organization choice in this setting. When partner knowledge bases are very different, the risk of unintended transfer or leakage is reduced, yet the need for enhanced communication and knowledge sharing mechanisms remains undiminished. With a sample of 232 R&D alliances, I find more thorough support for the transaction cost hypothesis. Firms more likely select an equity joint venture as partner knowledge bases diverge and knowledge transfer becomes more difficult. When such knowledge bases are very different, however, firms are less likely to choose an equity joint venture over more contractual forms of a lliance organization. Thus, these results provide empirical evidence on alliance organization choice and also have important implications for the fundamental question of why firms exist.
INTRODUCTION
In recent years, inter-firm R&D alliances have become more common (Hladik 1985; Morris & Hergert 1987; Mowery 1988) . Such alliances allow firms to access new technologies, realize economies of scale and scope in their R&D activities, and shorten development time.
1 These benefits may extend beyond the life of the alliance, as firms learn skills and gain competencies from their partners (e.g., Mowery, Oxley & Silverman 1996 , 1998 ). Yet, to benefit from R&D collaboration, firms must create a structure that both supports the efficient transfer of knowledge based assets and also minimizes unintended leakage of such assets to potential competitors. Here, I examine how firms choose alliance organization for collaborative R&D. Further, because o f the need to both transfer knowledge and control against unintended leakage in R&D alliances, this setting provides a unique opportunity to examine the tension between knowledge based and transaction cost perspectives.
Theory suggests that alliance organizational form choice, or governance, influences both the ease of knowledge flow and incentives to share knowledge. Knowledge based theories, such as those put forth by Kogut and Zander (1992) , emphasize the use of firm or internal organization as a means to increase productive knowledge flow. Following this argument, difficulties in knowledge transfer between firms -such as when knowledge is tacit or firms lack absorptive capacity -imply greater benefits from internal organization. In contrast, transaction cost economics (TCE) emphasizes the use of internal organization to preserve incentives to cooperate and share knowledge via controlling threats of opportunism.
Each theory has different insights into how organization is chosen; however, an empirical comparison of the knowledge or resource based theory and transaction cost 1 For example, see Link and Bauer (1989) , Arora and Gambardella (1990) , Kamien et al (1992) , and Tripsas et al (1995) . Other cited benefits include risk management and access to a wider know-how network (Tripsas et al 1995:369) .
economics has been lacking in the literature to date. Such a comparison is often not possible, since these two theories generate similar predictions regarding organization choice in m ost cases. 2 However, to establish that knowledge and opportunism based theories have distinctive predictive content, we must show situations where each theory generates a different prediction (Conner and Prahalad 1996: 489) . If we can identify such a situation, we may be able to gain deeper insights into the fundamental question of why firms exist. Here, in the case of R&D alliances, we have such a situation. When we consider the diversity of technologies brought by each partner to the alliance, issues of both knowledge transfer and opportunism are raised and the two theories predict different organizational form choices for R&D alliances.
While a multitude of possible organizational forms fall within the broad rubric of 'alliances', I focus on two categories of alliance organization in my analysis below: the bilateral contract and the equity joint venture. Relative to the bilateral contract, the equity joint venture more closely resembles internal organization. Applying knowledge based and transaction cost theories, the equity joint venture facilitates knowledge flow and safeguards against leakage better than the bilateral contract. However, the equity joint venture is more costly to set up and administer. Thus, firms likely choose equity joint ventures when the benefits from enhanced knowledge transfer and control is greater than these additional set up and administration costs. To determine the need for transfer and control in a particular R&D alliance, I consider diversity of partner technological portfolios.
When allying firms have very similar knowledge bases or technology portfolios (i.e., many capabilities in common), there is less knowledge to transfer and control. As such, the need for the enhanced knowledge transfer and control characteristics of the equity joint venture is reduced. In this sense, knowledge based and transaction cost arguments converge to produce similar predictions on the relationship between technological diversity and organization choice. However, when partner knowledge bases are ve ry different, these predictions diverge. I argue that a lack of absorptive capacity reduces the threat of knowledge leakage and, thus, the need for the equity joint venture under transaction cost arguments. In contrast, the need for organizational form facilitating better knowledge flows and communication among partners, however, is undiminished. In this sense, the two theories predict different choices of alliance organization when partner knowledge bases are very different.
Using a sample of 232 R&D alliances in the telecommunications equipment industry, I
test predictions from the two theories. Allying firms more likely choose an equity joint venture over the bilateral contract as partner knowledge bases diverge and knowledge transfer becomes more difficult. However, when partner knowledge bases are very different, such that partners have little or no knowledge in common, firms are less likely to choose an equity joint venture over more contractual forms of alliance organization. Thus, it appears that TCE arguments better explain organization choice, at least in the context of R&D alliances.
In the paragraphs that follow, I first discuss the bilateral contract and equity joint venture in terms of their information flow and control characteristics. I explore differences in partner knowledge portfolios and the implications of such differences for organization choice; hypotheses are developed on this basis. Descriptions of the sample used, measures and statistical methods follow. Results and discussion conclude.
ALLIANCE ORGANIZATION ALTERNATIVES: TWO THEORETICAL PERSPECTIVES
Alliance organizational forms range from simple licensing arrangements to more complex forms such as the equity joint venture where firms incorporate a separate entity for their collaborative efforts. 3 I focus here on two such alternatives: the bilateral contract and equity joint venture. A bilateral contract is a contractual arrangement where partner firms pool their capabilities for the purposes of collaborative R&D, but do not form a separate legal entity. In an equity joint venture, firms similarly pool their capabilities, but also create a new entity that is jointly owned and operated by two or more allying firms (Pisano, Russo & Teece 1988; Oxley 1997) . 4 The characteristics of each organizational form ultimately determine how firms choose between these two forms for their alliance activities.
Conceptually, the bilateral contract and equity joint venture lie on the organizational continuum between market and hierarchy and, as 'hybrids', embody governance characteristics that lie somewhere between these two extremes (Kogut 1988; Williamson 1991; Oxley 1997) . Relative to the bilateral contract, the equity joint venture more closely resembles hierarchy and has some unique attributes that influence a firm's ability and incentives to share knowledge based capabilities. All equity joint ventures have a joint board of directors, which is composed of members from all partner firms (Killing 1983) . Via this joint board of directors, firms can better communicate as well as veto strategic decisions regarding alliance activities (Ibid.). 5 Each partner firm also has limited powers of fiat over 3 For a more thorough discussion of the different forms alliance organization may take, see Powell (1990) and Contractor and Lorange (1988) . 4 Here, I examine only bilateral (or multilateral) forms of alliance organization, since my focus is alliances for collaborative R&D where two or more firms pool their talents to reap mutual gains. More unilateral forms of collaboration, such as licensing agreements, present different coordination issues and are beyond the scope of this paper. employees of the alliance in an equity joint venture. Even where joint venture personnel are drawn from the parent firms, these personnel often become employees of the venture rather than of the parent firms.
6 As all firms involved have a managerial presence in the venture via the joint board, each partner has some control over the promotion or demotion of workers that are over-or under-performing as well as some influence over the allocation of workers to specific tasks. 7 As Killing (1983:26- (Kogut & Zander 1992) .
These characteristics of the equity joint venture have implications for how well firms can share knowledge with their partners and, at the same time, safeguard against leakage.
The knowledge based and transaction cost perspectives usefully highlight these implications. While these theoretical perspectives focus on the characteristics of firms relative to markets (or spot contracts), we can make inferences about what each perspective implies about alliance organization, given that the equity joint venture resembles a firm more closely than a bilateral contract does.
Proponents of the knowledge based view argue that firms have distinct advantages over markets that are unrelated to controlling the threat of opportunism (Conner 1991; Kogut & Zander 1992; Conner & Prahalad 1996) . Thus, internal organization may be an efficient choice of organization even when there is no threat of opportunism. For example, firms have particular characteristics that make knowledge sharing easier within the firm than between firms. Arrow (1974) states that communication within the firm is more efficient because firms, unlike markets, have a 'common code'. On the basis of this insight, Kogut and Zander (1992) argue that more hierarchical organization is a superior means to transfer knowledge or other tacit information. Firms have "a set of higher-order organizing principles [that] act as mechanisms by which to codify technologies into a language accessible to a wider circle of individuals," (Kogut & Zander 1992:389) . Because of this common stock of knowledge and organizing principles, sharing knowledge, particularly tacit or complex knowledge is easier within the firm than between firms. Thus, internal organization arises when knowledge to be shared is tacit or complex, because the costs of communicating and coordinating in a market relationship are relatively higher. 9 Conner (1991:140) similarly argues that, "firms have advantages over market relationships in the joint activity of creating and redeploying specific capital."
Beyond enhanced knowledge sharing and communication, a firm also permits knowledge substitution and greater flexibility. The knowledge substitution effect, "concerns how presently held knowledge is applied to the activity," (Conner & Prahalad 1996:484) .
This means that, within the firm, an individual may use the knowledge of another before that individual fully understands the knowledge. In contrast, "a main effect of market contracting -of an autonomous relationship -is to oblige knowledge to be internalized before the individual agrees to modify its actions on the basis of that knowledge," (Ibid.:485). Thus, the manager's knowledge partly substitutes for the employee's knowledge (Foss 1996:520) . Internal organization arises, therefore, when knowledge absorption or sharing is perceived to be difficult, because the knowledge substitution effect eliminates the need to fully communicate difficult or complex knowledge.
Flexibility refers to the ease of changing each party's rights and obligations over the course of the relationship, "in order to incorporate learning or unexpected opportunities arising during the course of the work," (Conner & Prahalad 1996:486) . Firms provide greater flexibility, since internal arrangements do not require renegotiation when unanticipated contingencies occur, while market contracts typically do. Thus, internal organization arises when the difference in perspectives between two parties is pronounced, such that renegotiation would be costly. For example, internal organization is ideal when two parties have very different knowledge sets, which makes transferring or sharing ideas between them costly (Ibid.). Kogut (1988) applies similar arguments in the context of alliances and argues that equity joint ventures are ideal when transfer of complex knowledge is desirable, because the equity joint venture more closely replicates the firm than more contractual alliance forms. 10 Thus, applying these arguments to alliance organization choice, the equity joint venture is preferred when: (1) tacit or complex knowledge must be shared 10 "For transactions which are the product of complex organizational routines, the transfer of know-how can be severely impaired unless the organization is itself replicated," (Kogut 1988: 323). or transferred between partners; (2) the use of knowledge complementary to this tacit knowledge must be used in a way that is only foreseen by the partner with the tacit knowledge; and/or (3) partner knowledge sets are very different, such that partners have difficulty incorporating unexpected learning opportunities if alliance renegotiation is required.
Proponents of the transaction cost perspective also state that the firm has key advantages over market organization, but argues that these advantages primarily relate to the control or reduction of opportunism threats posed by the transaction characteristics (Oxley 1997; Williamson 1985) . In the absence of threatened opportunism, all transactions could be organized by a series of contracts, such that the firm would be an unnecessary organizational form -according to this view. By the imposition of bureaucracy, partner incentives to behave opportunistically are diminished because there is greater monitoring and control over partner actions and greater incentives to work out disputes privately (rather than by recourse to the courts). As a result, incentives to cooperate and share knowledge are preserved.
The joint board of directors in the equity joint venture allows communication of pertinent information to and coordination of the collaborative activities by parent firms (Pisano et al 1988; Oxley 1997) . Control is also enhanced as partner firms bear the right of veto over strategic level decisions regarding joint venture operations (Killing 1983) . In this sense, the joint board facilitates greater monitoring of alliance activities. This joint board of directors also allows greater control over day-to-day operations, because partners may veto upper management level decisions and have some power of fiat over the employees of the venture. The opportunity for leakage is, therefore, reduced and penalties exist if leakage does occur. Equity joint ventures also provide firms with explicit means to respond to unanticipated contingencies (or opportunities) that arise over the course of the alliance. By providing means for partners to adapt in a coordinated fashion, the equity joint venture relieves partners from fully specifying contractual arrangements (Williamson 1991; Oxley documented in alliances: Hamel, Doz and Prahalad (1989) find that firms do well to learn as much from their partners while simultaneously reducing the access of the other partner firms to their own technologies. Choice of organization may alleviate these issues, because organization influences each partner's ability and willingness to share knowledge.
By examining the knowledge bases or portfolios of each partner firm, particularly how much these portfolios differ, we can get an idea of how difficult it is to share knowledge between partners and the extent to which protection against leakage is a concern in a specific alliance. We can then generate hypotheses regarding alliance organizational form choice that differ depending on whether we take a knowledge based or transaction cost perspective. Thus, I now consider how differences in knowledge portfolios, or 'technological diversity', between partners influences organizational form choice in R&D alliances.
TECHNOLOGICAL DIVERSITY BETWEEN PARTNERS & ORGANIZATION CHOICE: HYPOTHESES
Via R&D collaboration, firms may access unique technologies that are not available inhouse. Indeed, this ability to access distinct technologies is often the motivation to collaborate in the first place. However, combining partner technologies or capabilities presents unique coordination challenges. These coordination challenges vary depending upon how diverse (or dissimilar) partner technologies are. Generally, the more a firm's technological expertise differs from its partner(s), the more difficult it will be for the firm to share its expertise with partners and for the firm to benefit from partner expertise. This general premise has implications not only for issues of knowledge transfer within the alliance, but also for issues of control.
We can think of partner technological portfolios along a continuum; at one extreme, partners have identical technological capabilities, where at the other extreme, partners have no similar capabilities (i.e., complete 'diversity'). In most cases, allying firms fall somewhere between these two extremes. However, we expect to see some variation in the level of technological diversity or, alternatively, where allying firms fall along the continuum. As firm capabilities become more diverse (i.e., partner firms have fewer areas of technological expertise in common), coordination difficulties intrude. The ability to benefit from such distinct perspectives in an alliance is not assured.
Allying firms require some capabilities in common (i.e., 'absorptive capacity') to benefit from those not in common (Cohen & Levinthal 1989; . A firm's absorptive capacity is its ability to "identify, assimilate and exploit knowledge from the environment," (Ibid.:569). This capacity is developed in a number of ways, including in-house R&D activities. Thus, the breadth of a firm's technological capabilities, or knowledge, determines that firm's ability to share technological capabilities with its partners. It follows that the greater the technological diversity between allying firms, the more each firm has to learn from the other, but the more difficult it is to share knowledge.
The knowledge based view readily yields predictions for organizational form choice based on technological diversity between partners. The equity joint venture, characterized by a common stock of knowledge and organizing principles, facilitates more efficient transfer and/or sharing of complex technologies. Further, with the knowledge substitution effect, firms don't need to fully assimilate their partner's knowledge if the alliance is organized via equity joint venture, since each partner firm has limited powers of fiat over employees of the alliance. Finally, s ince the equity joint venture facilitates greater flexibility in the face of unanticipated contingencies, this suggests that the equity joint venture leads to less costly adaptation when new opportunities for learning arise. Such flexibility is more likely required when partners have diverse technological portfolios.
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13 Conner and Prahalad (1996:487) argue that contract renegotiation costs, i.e. adjustment costs, increase with the continuing degree of difference in perspectives between the parties. As the perspectives of the parties become more diverse, therefore, the likelihood that more hierarchical organization is required increases. This argument is analogous to the transaction cost perspective; the prospect of costly renegotiation and haggling ex post often makes hierarchy a less costly organizational alternative (Williamson 1985) . In this sense, the arguments for internal organization that are truly unique to the knowledge based perspective are the knowledge substitution effect and the reduction in communication costs.
Thus, applying the knowledge based view, allying firms more likely choose an equity joint venture for their collaborative R&D activities when partner technological capabilities are diverse.
14 Transaction cost economics also generates predictions about organizational choice, based on partner technological diversity. The level of technological diversity in an alliance influences both the incentives and the ability of firms to behave opportunistically and, therefore, the threat of leakage in an alliance. As technological capabilities become more diverse among partner firms, each firm has more unique capabilities to lose to the other(s).
As such, firm incentives to behave opportunistically rises, since firms have more to gain from such behavior. This suggests that as technological diversity rises, the threat of leakage rises. However, this threat of leakage is mitigated by the need for absorptive capacity (Cohen & Levinthal 1989 . The need for absorptive capacity limits a firm's ability to misappropriate the technologies of its partner(s). Thus, at higher levels of technological diversity, the threat of leakage is diminished and the need for the safeguards of the equity joint venture decreases.
These arguments suggest two hypotheses: one from knowledge based arguments and one from transaction cost logic.
15

H1: Knowledge Based View: Hypothesis
As the diversity of partner firm capabilities increases, the probability that allying firms select an equity joint venture also increases.
H2: Transaction Cost Economics: Hypothesis
As the diversity of partner firm capabilities increases, the probability that allying firms select an equity joint venture also increases. However, beyond a moderate level of technological diversity, the probability that allying firms select an equity joint venture decreases as technological diversity increases.
EMPIRICAL ANALYSIS
Data & Sample Description
To test the hypotheses above, linking technological diversity with alliance organization choice, I use a dataset describing the alliance activities of firms in the telecommunications equipment industry. 16 The rapid pace of technological development makes this an ideal industry in which to study R&D collaborations. In the late 1980's, the microelectronics and telecom equipment industries converged. A period of rapid technological development followed, changing the nature of competition in the industry. Profitability and survival became critically dependent on a firm's ability to create and commercialize new technologies faster. In response to these increased pressures, firms sought alternatives to purely in house development. R&D alliances represented one such alternative, where firms could spread the risk and cost of technological development. In the telecom equipment industry, firms frequently collaborate in their R&D activities (Pisano et al 1988 of its subsidiaries were then identified for the purposes of constructing the measure of technological diversity, described below.
The sample used to test the hypotheses set out above consists of all domestic R&D alliances formed by firms in the telecom equipment industry during the years 1991 to 1993, inclusive. Each alliance involves collaborative R&D activities exclusive ly or in addition to manufacturing, marketing and supply activities. These criteria led to selection of 232 R&D alliances, involving 262 firms. I restrict the sample to domestic alliances to control (in part) for alliance motives. Inclusion of international alliances would likely include alliances with a market access motive, even if these alliances were for collaborative R&D, given that the telecommunication equipment industry is highly regulated. Since the 17 Recent studies that have used the SDC data include Anand and Khanna (2000) and Sampson (1999) . 18 Within the sampled firms, I find that 73% of patents are assigned to the ultimate parent firm, while 27% are assigned to various levels of subsidiaries.
hypotheses developed above are conditional on alliance knowledge sharing motives, reducing the incidence of alternative motives is critical. More controls for alternative motives are set out in the variable descriptions below.
Measures Dependent Variable
Alliance Organizational Form. Using information from the SDC database, I create a dummy variable to capture alliance organizational form. ORG equals 0 when the alliance is organized by bilateral contract, 1 when organized by equity joint venture. Consistent with the expense and commitment required to set up an equity joint venture, equity joint ventures are the exception rather than the norm. Of the 232 alliances in the sample, 217 are bilateral contracts while 15 are equity joint ventures.
Independent Variables
Technological Diversity. To capture the diversity of firm technological portfolios, I
examine the degree of overlap in the partner firms' patent portfolios. A patent is a document granting exclusive rights to the inventor to produce or use a specific new process or product for a stated time period. In order for a new idea to be patented, the idea must be novel and useful; the invention must pass the scrutiny of the patent office as to its novelty and improvement over existing technology. Extensive research has demonstrated the relationship between patents and various measures of firm performance. Strong, positive relationships exist between patents and new products (Comanor & Scherer 1969) , patents and literature based invention counts (Basberg 1982) , and non-patentable inventions (Patel & Pavitt 1997 ). More recent research shows that patents are strongly correlated with a firm's market value (Hall 2000) .
19
19 For a more thorough review on the use of patents as a measure of technological capabilities, see Ahuja (2000 
21 Technological diversity varies from zero to one: a value of zero indicates complete similarity of technological expertise, while a value of one indicates the greatest possible technological diversity between partner firms. This diversity measure normalizes the length of the within class vectors to one and essentially captures the angle between the firm vectors. This means that the measure is not sensitive to the number of patents within a class. 22 To capture the possible non-linear relationship between technological diversity and alliance organization choice, I also include the square of technological dive rsity.
Control Variables
Several other empirical studies have examined organizational form choice in alliances generally. To captures other factors found to be relevant in alliance organization selection, I
include several control variables. Oxley (1997) argues that alliance characteristics that make an alliance agreement more difficult to specify, monitor and enforce increase the probability that an equity joint venture will be selected. Many R&D alliances involve not only joint R&D, but manufacturing, marketing and/or supply activities as well. As the number of different activities taking place within an alliance increases, specification becomes more complicated. Monitoring becomes more difficult as alliance activities become more complex. Project complexity increases as alliance scope and/or the number of partner firms involved increases. More complex or uncertain tasks demand a greater share of the limited supply of managerial attention than do simple activities with relatively certain trajectories (Masten, Meehan & Snyder 1991) . Using this framework, I include several variables that make bilateral contracts more costly relative to the equity joint venture.
Narrow, Intermediate or Broad R&D Activities. R&D activities range from very narrow projects, such as those involving development of new products or processes based on existing technology, to very broad, ambitious projects where firms seek to develop the 'next generation' of a particular product. Oxley (1997) finds that fully specifying a contract and effectively monitoring compliance is more difficult when the alliance involves more than one technology or product line. I include a similar measure, which captures the breadth of collaborative R&D activities. This measure is based on the synopses of alliance activity provided by the SDC database.
An alliance is categorized as having narrow R&D activities when alliance activities are focused on development of new products or processes based on existing technologies. This includes, for example, the alliance between 3M and IBM to jointly develop 3M's "Ecart" Multilateral Alliance. Having more than two partner firms in a particular alliance likely makes monitoring more difficult (Oxley 1997) . To capture this hypothesized effect, I
include a dummy, Multilateral Alliance, which equals one if the number of partner firms in an alliance exceeds two, zero otherwise.
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Breadth of Alliance Activities. The breadth of alliance activities refers to activities in addition to joint R&D. Above, I describe a measure to capture the breadth of collaborative R&D activities; here, I measure the breadth of alliance activities, which captures whether alliance activities go beyond joint R&D. For example, an alliance involving manufacturing or marketing in addition to the joint R&D activities is considered broader than an alliance involving only R&D activities. 'Breadth of alliance activities' is set to one when alliance 23 To some extent, this variable also controls for alliance motives. For example, we might expect that broad R&D activities such as the development of next generation integrated circuits require greater knowledge sharing between partners than narrow R&D activities. 24 Note that 82% of all R&D alliances in the sample involve only two partner firms. Of the remaining alliances, 9.5% involve three firms, 3% involve four and the remaining 5.5% involve anywhere from five to twelve partner firms.
activities include manufacturing, marketing and/or supply in addition to collaborative R&D.
I expect contract specification and monitoring become more difficult when alliance activities go beyond joint R&D.
Several other variables that influence alliance organization are suggested either by the prior empirical literature or general inference from the incentive alignment literature. For example, Gulati (1995) suggests that prior and concurrent ties between partner firms operate to reduce threats of opportunism and, as such, reduce the need for more hierarchical organization. To control for this effect, I include a measure of all prior and concurrent alliances among partner firms. This measure is the number of prior and concurrent ties between partner firms in the focal alliance.
I also include a measure of allying firms' general reputation. As firms generally prefer to transact with other firms of known reputation (Granovetter 1985) , we infer that partner firms with many previous alliances have a positive reputation. These prior alliances may aid incentive alignment; allying firms may forbear from opportunistic behavior if they anticipate that their reputation may be damaged as a result. To construct this measure, I first add all prior alliances for each partner firm reported in the SDC database. A firm's reputation effect is then the lowest number of prior alliances for all partner firms. I take the lowest common denominator as I expect reputation to deter opportunism only when it is mutual. and is only for collaborative R&D (i.e., no manufacturing, marketing or supply). The average firm in these alliances has some prior alliance experience and some prior experience, but little technological overlap, with its current partner.
Results
[ Table 1 about here.] To test the relationship between technological diversity between partners and alliance organization selection, I use a binomial probit model. Under the probit model, the probability that allying firms select an equity joint venture or bilateral contract is modeled as a function of alliance specific variables. Two specifications are estimated -these results are set out in Table 2 . Column (1) includes technological diversity as well as measures suggested from prior studies on alliance organization choice that predict the costs of using a bilateral contract relative to an equity joint venture and (2) adds other alliance controls suggested by prior empirical studies to affect alliance organization choice.
[ Table 2 about here.]
For both models tested, the chi-square values are significant, indicating the models are a substantial improvement over the intercept only model. 26 The models predict actual organizational form chosen in over 93% of the cases. This predictive power is about the same as the simple assignment of the all predicted outcomes to the bilateral contract category (93.5%).
An initial inspection of the results in Table 2 shows general support for both the knowledge based and transaction cost hypotheses -increasing technological diversity increases the probability that allying firms choose an equity joint venture. As firms have less technological expertise in common with their partners, they are more likely to choose an equity joint venture. This result is robust across both specifications and is consistent with the hypothesis that more hierarchical organization makes knowledge sharing between partners easier and facilitates coordinated responses to unanticipated learning opportunities over the course of the alliance. The more diverse a firm is from its partner(s) in terms of 26 Logit analyses of the three models show virtually identical results to those in Table 2. technological expertise, the greater the need for enhanced knowledge transfer and flexibility over the course of the alliance. In this sense, firms appear to choose alliance organization in response to knowledge flow considerations. Control, however, appears also to be important. Allying firms anticipate the increased risk of leakage when partner technologies differ. In response, these firms more frequently opt for the equity joint venture, since this mode reduces the incentives and ability of partners to behave opportunistically. Thus, the data supports the proposition that both knowledge flow and control of opportunistic behavior are determinants of organization choice.
At higher levels of technological diversity, however, the results suggest a slightly different story -the relationship between technological diversity and organization choice reverses in sign. The coefficient on technological diversity, squared, is negative and significant across all specifications. Initially, rising diversity increases the probability of equity joint venture selection but, beyond a certain level of diversity (0.88), this relationship turns negative. 27 Technological diversity beyond this maximum point actually decreases the probability that an equity joint venture is selected.
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To better illustrate the relationship between technological diversity and organization choice, I calculate the expected probability that partners select an equity joint venture at all levels of technological diversity. First, I take the estimates from (1)). This maximum point for column (2) is 0.87. 28 While technological diversity, up to the value of 0.88 increases the probability that an equity joint venture is selected, many alliances in the sample have diversity greater than 0.88. 75% of alliances in the sample (174 out of 232) have diversity equal to 1. This means that many alliances involve firms with no patent class overlap. For these alliances, this level of technological diversity means the probability of equity joint venture selection is reduced. An alternative approach that would likely yield greater variation in the technological diversity measure would be to group multiple patent classes together as described in Jaffe (1986) . However, such a categorization inevitably involves a subjective assessment as to the logical groups for patent classes. As Hall, Jaffe, & Trajtenberg (2001:13) note with respect to assigning patents to aggregate technology categories: 'there is always an element of arbitrariness in devising an aggregation system and in assigning the patent classes into the various technological categories, and there is no guarantee that the resulting classification is 'right', or adequate for most uses." estimates at the median values of the independent variables. I then calculate the expected probability over all values of technological diversity in the sample -from 0.245 to 1. These calculations are graphed in Figure 1 . This figure shows two curves: one for estimates from each column of results in Table 2 .
[ Figure 1 about here.]
The figure shows definitively that technological diversity bears a non-monotonic relationship with alliance organization choice. Allying firms more likely select an equity joint venture as their technology portfolios, or knowledge bases, diverge. Beyond a relatively high level of diversity, though, firms are much less likely to choose an equity joint venture. The fact that this effect reverses as partner technologies become more diverse lends empirical support to the absorptive capacity argument Levinthal 1989, 1990) ; firms require some technologies in common in order to utilize technologies outside the firm. It follows that firms require some overlap with their partners to misappropriate technologies -the threat of leakage decreases as technological diversity increases. The need for safeguards against opportunistic behavior is diminished. This finding suggests support for the transaction cost hypothesis (H2) over the knowledge based hypothesis (H1).
The remaining coefficient estimates in Table 2 are largely consistent with expectations.
In specification (1), the equity joint venture is chosen more frequently where alliance activities include manufacturing, marketing or supply in addition to joint R&D. This result is robust across specifications and is consistent with the findings of Pisano (1989) and Oxley (1997) . Pisano (1989) finds that alliances involving activities in addition to R&D are more likely to use equity links than are alliances involving R&D alone. Similarly, Oxley (1997) finds that 'mixed' transactions, that is, those alliances that involve more than one type of activity, increase the need for more hierarchical alliance organization. However, while we expect that alliances involving more than two partner firms are more likely to be structured as an equity joint venture, the coefficient estimate on Multilateral Alliance is not statistically significant.
The breadth of R&D activities influences alliance organization selection as expected.
Broad R&D activities increase the probability that an equity joint venture is selected. This result is consistent with Oxley (1997) , who finds that firms in alliances with a broader technology scope anticipate greater monitoring difficulties and, therefore, select more hierarchical organization. Narrow R&D activities, however, do not appear to significantly reduce the probability that an equity joint venture is selected. Coefficients on the remaining two control variables -prior alliances with a partner and general firm reputation -are as expected, though neither is significantly different from zero.
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From Table 2 , I conclude that allying firms more likely choose an equity joint venture for their alliance activities as partner technological expertise diverges. Knowledge transfer and coordination among partners is more difficult when firms have fewer areas of common technological expertise. The equity joint venture, with its enhanced ability to facilitate knowledge transfer and safeguard against leakage, is the preferred choice of alliance organization as technological diversity increases. However, it appears that at higher levels of technological diversity, the diminished need for control drives organization selection and partners are less likely select an equity joint venture.
When firm knowledge bases are highly diverse, threats of leakage diminish because of the lack of absorptive capacity, yet the need for enhanced communication and knowledge transfer mechanisms arguably remains undiminished. Predictions from the knowledge based and transaction cost perspectives thus diverge. Results here suggest that opportunism based concerns dominate knowledge transfer concerns. This finding raises an important question:
are knowledge sharing and communicating mechanisms inextricably entwined with organizational form or are such mechanisms and organizational form separable? Perhaps Foss (1986: 473) At least in the context presented here, these results suggest that even in situations where knowledge transfer costs are presumably high, the lack of the threat of opportunism means that an alliance organization form closer to market is adequate. Firms may be able to develop efficient knowledge transfer and communication mechanisms independent of organizational form.
DISCUSSION & CONCLUSION
Firms entering into R&D alliances face considerable challenges; partners must be able to transfer complex knowledge and skills with partners and/or communicate about idiosyncratic stages of the R&D process. R&D collaboration, however, also raises the risk of leakage or unintended transfer of knowledge and skills between partners. Since firms often do not wish to make better competitors of their partners, the ability to safeguard against leakage is critical. Alliance organizational form represents one means of both improving knowledge flows and safeguarding against leakage. In this paper, I examine alliance organization choice by applying knowledge based and transaction cost perspectives.
While this examination of organization choice alone is a worthy exercise (see, e.g., Oxley 1997; Pisano 1989), the study of such choice in the context of R&D alliances presents a unique opportunity to explore the tension between the knowledge based and transaction cost perspectives.
The ability to share knowledge and safeguard against leakage are likely important to some extent in all R&D alliances; however, these issues take on greater importance in alliances where partners have very different areas of technological expertise. The ability to share very diverse capabilities is quite difficult, given that firms require some technologies in common to assimilate or utilize those not in common (i.e., firms require absorptive capacity). While the lack of common knowledge bases may hinder knowledge sharing efforts, a lack of absorptive capacity also has the effect of reducing unintended knowledge transfer, or leakage. Because very diverse knowledge is difficult to share, but also unlikely to be unintentionally transferred, the predictions for alliance organization choice under the knowledge based and transaction cost perspectives diverge.
According to the knowledge based view, more hierarchical organization (such as the equity joint venture) is characterized by a common stock of knowledge and organizing principles. As a result, the equity joint venture facilitates more efficient transfer and/or sharing of complex technologies. This suggests that allying firms more likely choose an equity joint venture for their collaborative R&D activities when partner technological capabilities are diverse. In contrast, the transaction cost perspective highlights the monitoring, control and adaptation features of more hierarchical organization. Applying this perspective, more hierarchical organization facilitates greater monitoring and safeguards against the threat of leakage. As such, firms more likely choose an equity joint venture as partner technologies become more diverse because firms have more to lose to their partners in this case. However, at higher levels of diversity, the lack of absorptive capacity reduces the risk of leakage and, therefore, the need for increased monitoring and control mechanisms of the equity joint venture decrease. With a sample of 232 R&D alliances in the telecom equipment industry, I find more thorough support for the transaction cost hypothesis. Initially, as the diversity of partner technology portfolios rises, that is, partners have less technological expertise in common, allying firms more likely choose an equity joint venture. However, at higher levels of technological diversity, this relationship reverses and allying firms are less likely to choose the equity joint venture.
To now, there has been a substantial debate between the knowledge based and transaction cost literatures as to the role of opportunism in determining choice of organizational form (see, e.g., Ghoshal & Moran 1996; Williamson 1996) . While some studies argue that opportunism or, more broadly, transaction costs do not drive selection of organization (Ghoshal & Moran 1996; Kogut & Zander 1992 , 1993 , results here suggest that when concerns over opportunism are low, firms are less likely to choose more hierarchical organization even though the need for enhanced knowledge flow is undiminished. In this sense, opportunism or moral hazard issues appear to have greater explanatory power at least in the context of alliance organization choice.
Naturally, the greatest limitation to this work is that it examines organization choice in a single context -R&D alliances in the telecommunications equipment industry. It is not possible to say whether these results arise out of idiosyncrasies in the setting or whether the finding is robust across contexts. A useful extension to this work would be to find other empirical contexts where organization choice predictions diverge between the two perspectives, i.e., where opportunism threats are low, but the need for enhanced knowledge transfer and communication mechanisms is high. With further extensions to this work, we may be able to identify the mechanisms and characteristics that are not separable from organizational form and, ultimately, the true nature of the firm. 
